ABSTRACT The extra-adrenal formation of deoxycorticosterone (DOC) from plasma progesterone has been demonstrated in humans. In those studies it was shown that in some persons the volume of plasma cleared of progesterone by DOC formation was great, namely, 75 The 21-hydroxylation of plasma progesterone has been demonstrated in pregnant, nonpregnant, and adrenalectomized women and in men (1). The fractional conversion of plasma progesterone to deoxycorticosterone (DOC) ([P]B) computed from the 3H/14C ratio of urinary 3a,21-dihydroxy-513-pregnan-20-one (tetrahydro-DOC) and that of the injected tracers, [3H]progesterone and [14C]DOC, varied from 0.002 to 0.03 [0.009 + 0.001 (mean + SEM, n = 32)] among the subjects of those studies (1, 2). In a given woman the [P]BD°C was the same when she was and was not pregnant. These findings are indicative that 21-hydroxylation of plasma progesterone is not rate limiting over wide ranges of levels of progesterone in plasma.
The 21-hydroxylation of plasma progesterone has been demonstrated in pregnant, nonpregnant, and adrenalectomized women and in men (1) . The fractional conversion of plasma progesterone to deoxycorticosterone (DOC) ([P]B) computed from the 3H/14C ratio of urinary 3a,21-dihydroxy-513-pregnan-20-one (tetrahydro-DOC) and that of the injected tracers, [3H] progesterone and [14C]DOC, varied from 0.002 to 0.03 [0.009 + 0.001 (mean + SEM, n = 32)] among the subjects of those studies (1, 2) . In a given woman the [P]BD°C was the same when she was and was not pregnant. These findings are indicative that 21-hydroxylation of plasma progesterone is not rate limiting over wide ranges of levels of progesterone in plasma. Thus, the rate of DOC formation from plasma progesterone is proportional to the concentration of progesterone in plasma (2) . Because the fractional conversion of plasma progesterone to DOC in adrenalectomized persons was similar to that found in normal persons it was concluded that 21-hydroxylation of circulating progesterone is principally a nonadrenal phenomenon.
It can be computed that in some persons 75 liters of plasma are cleared of progesterone each day by DOC formation (1, 2) . On the basis of this finding we deduced that steroid 21-hydroxylase [steroid 21-monooxygenase; steroid, hydrogendonor:oxygen oxidoreductase (21-hydroxylating), EC 1.14.99. 10] must be distributed among many tissues or else is present principally in an organ(s) with a large blood flow. To evaluate this latter possibility, we incubated homogenates and microsome-enriched fractions prepared from human liver, lung, and kidney tissues with radiolabeled progesterone. Radiolabeled DOC was formed in incubation mixtures 3 hr of death due to injuries sustained in an automobile accident, from five other adults within 4 hr of death, and from seven subjects 5 hr or more after death. Three kidneys that had been maintained (9-25 hr) on an infusion pump at 4VC in preparation for transplantation (but for various reasons were unsuitable for transplantation) also were used in this study. Human tissues were obtained in accordance with the Donor's Anatomical Gift Act of the State of Texas after consent in writing was obtained from the next of kin under the auspices of a protocol approved by the Human Research Review Committee of this institution. The kidney tissues were dissected free of capsule and adventitious tissue. In the case of the tissues obtained from the pregnant woman and the stillborn infant, 1 g of each tissue was homogenized in 5 ml of potassium phosphate buffer (50 mM, pH 7.4) containing MgCI2 (3 mM). Samples of the homogenates were used as enzyme source. In addition, 1 g of each tissue obtained from the pregnant woman and her stillborn infant and 1 g of the tissues obtained from the other subjects were homogenized with a Teflon/glass homogenizer in 5 ml of sucrose (0.25 M), and these homogenates were centrifuged at 15,000 X g for 10 min at 4VC. The supernatant fluid was centrifuged at 100,000 X g for 1 hr at 4°C. The pellets were resuspended in 5 ml of sucrose (0.25 M) and centrifuged at 100,000 X g for 1 hr at 4°C. The pellets were resuspended in potassium phosphate buffer (50 mM, pH 7.4) containing MgCl2 (3 mM). Samples (1 ml) of the microsome-enriched preparations were used as the enzyme source. Microsome-enriched fractions of human lung and liver tissues were prepared in a similar manner and were used as the enzyme source. The microsome-enriched preparations were added to vessels containing 1 ml of a NADPH-generating system, which consisted of NADP+ (1.25 The publication costs of this article were defrayed in part by page charge payment. This article must therefore by hereby marked "advertisement" in accordance with from a stillborn infant was employed as the source of steroid 21-hydroxylase activity. The initial chromatographic step for the purification of radiolabeled DOC isolated from incubation mixture A was gradient elution chromatography on ethylene glycol/Celite (3). hr were found in kidney tissues of a 56-year-old man and of a 31-year-old man, respectively. These tissues were obtained 4 hr after death. No steroid 21-hydroxylase activity was found in three kidneys that had been maintained for 9.5-25 hr on an infusion pump at 40C. Steroid 21-hydroxylase activity could not be demonstrated in kidney tissue obtained 6 and 19 hr after death from two men ages 49 and 50. The enzyme activity was not demonstrable in kidney tissues of four women and one girl (ages 6-53 years) who had died 5 or more hr prior to the time of tissue preparation. The variations in the specific activities of steroid 21-hydroxylase among kidney tissues may be physiologically significant or else may represent only length of time from death until completion of kidney tissue microsome preparation.
Rate of Formation of DOC from Progesterone by Human Kidney Tissue as a Function of Protein Concentration and Time of Incubation. The rate of DOC formation from progesterone by microsome-enriched preparations of human kidney tissue was reasonably linear with protein concentration from 0.05 to 0.40 mg per ml (Fig. 3) .
The results of studies of DOC formation from progesterone by microsome-enriched preparations of human kidney tissue as a function of incubation time are presented in Fig. 4 . The rate of formation of DOC from progesterone was linear for 2 hr, after which the activity appeared to decrease. DOC formation was also found to be linear with time of incubation up to 2 hr in various tissue preparations with widely different steroid 21-hydroxylase specific activities.
DISCUSSION
The importance of the conversion of circulating prehormones to biologically active hormones has been demonstrated in the case of 17f3-estradiol and esterone formation from plasma C19-steroids, testosterone formation from circulating androstenedione, and 5a-dihydrotestosterone formation from plasma testosterone (7) (8) (9) (10) (11) (12) (13) . Other investigators have demonstrated steroid 21-hydroxylase activity in human fetal testicular tissue (14) and in abnormal human ovarian tissue in vitrot. However, to our knowledge, steroid 21-hydroxylase activity has not been found previously in human kidney tissue. The specific activity of steroid 21-hydroxylase was considerably greater in cortical than in medullary tissue of the human kidney. Interestingly, the fractional conversion of plasma progesterone to DOC varies widely among individuals (0.002-0.03), but in the same person the fractional conversion remains reasonably constant even with wide fluctuations in the plasma concentration of progesterone (1, 2) . Ordinarily, the fractional conversion of a circulating steroid to its product(s) is similar among normal persons (10) (11) (12) (13) . The finding of strikingly different values for the fractional conversion of plasma progesterone to DOC among normal subjects is suggestive of the possibility of a genetic determination for the capacity of extra-adrenal 21-hydroxylation. If this were true, and if extraadrenal 21-hydroxylation were confined principally to the kidney, it would be possible that the in situ formation of relatively large amounts of DOC in the tissue site of mineralocorticosteroid action may be instrumental in the development of sodium retention and hypertension.
In men and in nonpregnant women during the follicular phase of the ovarian cycle the production rate of progesterone has been estimated to be 1-3 mg/24 hr (15, 16) ; during the midluteal phase of the ovulatory cycle the rate of secretion of progesterone is approximately 40 mg/24 hr (15, 16) ; and in pregnant women near term, 250-600 mg of progesterone enter the maternal circulation daily (15, 17) . Assuming renal plasma flow in the nonpregnant adult to be 600 ml/min (18) and the plasma DOC concentration (arising from adrenal secretion of DOC) to be 0.05 jig/liter (19) , the rate of DOC delivery to the kidneys through the blood would be 30 yg/24 hr. If all DOC formed from plasma progesterone were synthesized in renal tissue in men and in women during the follicular phase of the ovarian cycle, DOC formation from plasma progesterone in the kidneys of a person whose [p]PBD°was 0.02, would be 20-60 Mug/24 hr. However, during the luteal phase of the ovulatory cycle, when ovarian progesterone secretion is 40 mg/24 hr, extra-adrenal DOC formation in a person in whom the fractional conversion of progesterone to DOC was 0.02 would be 0.8 mg/24 hr, an amount which is at least 20 times that delivered to the kidneys from the adrenal gland. Moreover, during pregnancy, when progesterone production is 250-600 mg/24 hr, DOC formation from plasma progesterone would be 5-12 mg/24 hr, an amount many-fold greater than that delivered to the kidneys from the adrenal gland. If the kidney is the principal site of extra-adrenal DOC formation, the quantity of DOC formed in situ in the kidney would be considerably greater than that delivered to the kidney by adrenal secretion. Thus, the concentration of DOC in plasma may not represent an accurate estimation of the DOC available to the kidney.
